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Chapter 3 Factors and Products { Notes )
o =
3.1 Factors and Multiples of Whole Numbers (p. )

e Prime and_Composite Numbers - Vocabulary

—Factors of a number: numbers that are multiplied together to get another number (the product)
—Product: the number that results when Two or more factors are multiplied.
Example: 2 x 3 = 6; the 2 and 3 are factors of 6, while 6 is the product.
You can arrive at the product of 16 by multiplying the following factors (numbers):
1x16=16 or- 2x8=16 or 4x40r4%=16
Therefore, the factors of 16 are:{1,2, 4, 8, and 16).
—Prime number: an integer greater than 1 that has only two differfenf factors: number 1 and itself.

—Composite number: an integer greater than 1 that has more than two factors.

,}’

G .
° Example: 2 is a prime number. since the only two factors are 1 and itself B '5"‘*;
d0¢sr
4. 8 and 16 are composite numbers, since they all have more than two factors &’ j" h

Circle all the prime numbers in the chart below.

"

o | 17| (@) @ .4 @ 6 @ 8 9
10 w 12 @ 14 5. 16 (7\) 18 | @
20 | & | 2 [(3)| 2 | 25 26 | 27 | 28 @
0 | M) | 32 | 33 | 34 | 35 | 2 | @ 38 | 39
40 41 42 @ 44 45  46 @ 48 49

' =M i \ MG ? 3
***Notice that the numbers 0 and 1 are neither prime nor composite** ’7

e The number 1 has only one factor or divisor, not two or more.
e Zero has an infinite number of divisors, since zero can be divided evenly by any value and
e————

i Q would still equal zero. Also, you cannot multiply two different non-zero valyes and have a
\&\ product of zero.
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1. Prime Factorization - Determining the Prime Factors of a Whole Number (p. 135)
————==20riZdation - Determining t Number

The prime factorization of a number is the number written as the product of its prime factors.
Find two factors of the given value and write them as branches on a factor tree.

Example: Use a factor tree to find the prime 'facforizafjbn of 24 in three ways: start with 6x4,
2x12, 8x3). Six, four, twelve, and eight are composite numbers that can be factored further.,

24 24 24

/N N\ A

b 12
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237 22 62
ks 7’_;[\),3
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Note: No matter which two fact;‘r"fs'éo‘g started with, the prime factorization is the same.
***There is only ONE correct prime factorization of a given value***

Therefore,

- the prime factors of 24 are 2 and 3

- the prime f 24 (written as the product of powers)is: 23 x 3

Example: Determine the prime Example: Write t ime
factorization of| 72, sing a factor factorization of (168, MWerite the
tree. Write the prime factorization ‘ prime factorization bothasa -
both as a product of its prime product of its prime factors, and as
factors, and as a pro::luct of a product of powers.
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2. Determining the Greatest Common Factor (p. 136)

If two or more numbers have the same prime factor, it is called a common factor. The greatest
common factor is the greatest factor that 2 or more terms have in common.

Example: Determine the prime factors of 30 and 18, using’a factor tree. Highlight or circle the
factors that appear in‘each prime factorization.

A A

The common factors (the numbers you circled or highlighted) of 18 and 30 are@m@ﬂ\e
product of these common prime factors is called the greatest common factor.

e

Therefore the 6CF of 30 and 18is 2 x 3, or 6. The GCF is The\! Ia%si number that divides two or
more numbers. If two numbers have no common prime, factor, The GCF is 1.

g'ﬁ*ﬂ“"} P’LW ‘{”)\LAJ’V\/WJ /\M-A. M Co A s

Example: Determine the greatest Example: Determine the greatest common
common factor of 60 and 28 1;actor of 12, 30, and 42. .
) 2
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3. Determining the Least Common Multiple (p. 137)

he natural

Yo determine the multipies of a number, multiply the number
numbers (1,2,3,4..) For example, ‘rheﬁﬁlﬂplﬁes of 26 are 26, 52,78,104.... /

D,
For 2 or more natural numbers, their Least Common Multiple is The smallest
number that is a multiple of both or all the numbers. (The Least Common Multiple is
the number we use for the common denominator when adding or subtracting fractions).
In other words, it is the least number that is divisible by each number.

PRpTI—————

Example: Determine the Least Common Multiple of@O, and 30 /
y

(Draw the factor tree of each number in order to find the prime factorization of each
number as a product of powers. Highlight or circle the greatest POWER of each prime
factor in eab!'list.) The least common multiple is the product of the greatest

power of each prime factor.

Try itl Determine the LCM of__ 28,42,63 | "(answer 252)
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Yy IT:

v try fmdmg the LCA CF of the same two numbers. For each, start with a factor tree
wv find the Er'lme fac‘l'orlza'l'lon Write in ascending order.

To find GCF: Circle every factor that you find m,BOTHZI:s‘rs (prime factors COMMON to BOTH).
These can be repeated numbers - if there is a facfor That appears more than once in EACH list.
Multiply ALL common factors.

To find LCM: Write prime factorization as ﬁom Circle the grecn‘esﬂ POWE§ of

EVERY prime factor in ANY list,
R ——
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6CF =

Erlme fac‘ﬁn"or‘lzaf as B;o t of powers in ascending order:

szx %A g Lﬂjfﬁﬁf/f
N / \L// _/
LCM :ZBX 327( §)(7)( /? = 4/ ? C?ac} O (13 680)




4. Problem Solving using 6CF and LCM (p. 138)

nr-"""““ »-1.

D A > 1 it

Y /
o b)vmha‘r is & sude length of The(lar;est 1Eguare that could b

measures 8 in by 36 in? Assume that the s

rectangles. 5} 26
3 [ /2 ’“z/ﬁgiﬁq
7\ / = iz
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a) What is the side length of the that could be tiled with rectangles that
measure 8 in by 36 in? Assume the rectangles cannot be cut.

The side length of the square must bea * /| "'
" common multiple of 8 and 36.

Write the prime factorization of each
number (as a product of powers).

Determine the LCM. ?’T‘*“\ - ﬂa—“’u

P e

d oo argo ld
etica racta
d To tile a gle that

quares cannot be cut. Sketch The square and

The shorter side of the rectangle measures 8 i)

4% so the side length of the square must be a
factor of 8.

The longer side of the rectangle measures 36
in so the side length of the square must be a

/l\ factor of 36
‘v LWbb* .(‘ B )(Jwﬁ/\/hv*/ g fh .
’Q“ hr “. S. AJ & Wy erte the pnme factorization of each number.
¢ w £ e
W‘K{» ‘W b ) o Determine the GCF. @rinA ﬁ-» (s}\rr'i
? }) > e . A a
-ehGCk—yeuF—unders'randmg 4abp 138 MLA-L‘QO d,w,. L.,* .

- 138,134 Lor vl
Segoﬁm%,

HOMEWORK:?'\ yb\“ ME‘J
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AJ *Information about 3. 1 can be found on page 134-139 in your- textbook*
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Due tomorrow.



D 3.2 Perfect Squares, Perfect Cubes, and
Their Roots [,

Ling sauare rools of SEried wuares and cube roots
SELIAL LS £ RO MILAFOS g OUDe oot

norfoct souare o : Area of square = length
1 LRdaE iRl L SRR e § Y - W—-««%«-—.M.. ) .
! { times width, but because
el ! length = width, we can say
ot § II-E (s = length of side)
Ciars roat

A perfect square is the product of 2 equal whole
numbers. The square root of a number is one of the
equal numbers.

A perfect square can be represented as the area of

PN S s square with a whole number side length.
y
- 2y 5~">‘"Z:i)’) A
=lot !5; e cur i The square root of the area of the square is the side
S Ter 20

length of the square.

Example: Write 1296 as the product of prime factors.
Group the factors in pairs. Rearrange the factors in two equal groups.
———

1246
;x = -2, 2-2-3-2-2-7p
16z Tip.p.73 -ve3-
q/\L '\ , k "\\.\\ ........ ,/[
N ;Z {;\ J¢ - 7 (
2 v U v
o WA
1138

Since 1296 is the product of two equal whole numbers ( 36 x 2 é ), its square

roof is one of these numbers. (In other words, 1296 is the area of the square and
2
V1296 ,or _<£A isthe side length of the square.)

sideggyqre=\/area of square

Try it: Determine the square root of 1764 with the prime factor method.

)
(76Y /:1 eAval e ! o
A | iy = Y2
\'( 9 f/'{\( z Ry, 3 5 2 4 ? A ‘)
! T g
RY4 ¥ i, —— o 'S &
] 21 | Y + Y
)5 v A é 17



& i
4 perfect cube

s O ) vome 2t mnc

. . . fRe” = } ’
V = side x side x side or@ ey

Example: Find /1728 , using prime factorization.

Group the factors in sets of 3. Rearrange the factors in three equal groups.

2-1' L'.z'z‘ ; TR, s R
/\ T {{L'l’s ,g 'Zj

T Ll 2
Since 1728 is the product of 3 equal factors, it can be represented by the volume of a cube. The side of t{ne

cube is equal to the cube root of 1728 (or the cube root of the volume). 1728=_ ¢  «x It x

s01/1728 = 12 edge ,p.=3/volume of cube
Try it: find the cube root of 2744 using prime factorization. (14)

R ZE e
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A = /- 1% T
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3. A cube has q volume of 4913 in>. What is the surface area of the cybe>: |

(Remember if the volume is 4913, the side length is: 33]74’? = / 7'

Also remember the formulq for t

he surface areq of a cube js : é S
é) o (‘J——
=~ (A cube has - faces. Each face isa___{ QVW The formulq for area of q
Square s : + : ) ; U U r
St J—L

qals
/\

\ 254
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Gz =13 L
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Polynomials - Review of Vocabulary and Operations

VOCABULARY
A term is a mathematical expression that can be a number, a variable, or the product of numbers
and variables. .
Examples of termsare: ~ -5 or  x or 5x  or -bxy

A polynomial is a mathematical expression with one or more terms, formed by adding or
subtracting terms.

Consider the polynomial: -5x2 + 4x - 2
-It is made up of three terms formed by an addition and a subtraction operation.

-The variable, or unknown number, is represented by the letter, x.

-The exponents in the terms are given in descending order of power, such as x? followed
by x' followed by x°

-When a term is written without a variable, such as -2, it is called a constant, because it
will always have the same value.

-When a term has both a number and a variable, such as -5x? and 4x, the number is called
the coefficient, which tells you how many times to multiply the variabie.

Polynomials can be named depending on the number of terms they have. Polynomial expressions
with 1, 2, or 3 terms have special names:

Monomial - one term Binomial - 2 terms Trinomial - 3 terms
Polynomials with more than 3 terms are simply called polynomials.

Example: Complete the following chart.

Polynomial # of terms Name Variables Coefficients Constants
-x2 ' M#ha“'ﬂ}d \( -,-'l o
4y3 : ‘ W \9 Y 0O
ol | 2 higemidd | % s -1
8r?-4r+2 3 Arinemic | C g -9 2
bres2ri-k-10 [ () /Oéqu wind _r{ Y "b,' 2,-] -0

/9



OPERATIONS ON POLYNOMIALS - Review

Polynomials can be combined (added/subtracted) if they have like terms - two terms that have
the same variable AND exponent, and differ only by the numerical coefficient.

Example: 17/t and -4’ are like terms, because they have the same variables and
exponents, r” and #, and differ only by their coefficient, 17and -4

Addition/Subtraction: to add or subtract like terms, you simply add/subtract the

coefficients, and keep the variables and exponents the same.

To add polynomial expressions in brackets: if there is nothing or a "plus” in front
of the brackets, remove the brackets without changing the terms.

Example: (3x —3y) + (4y - 2x)
= 3X =3y + Yy-2 X —(we remove the brackets without changing the terms)
CR-r Ty vy g «—(we group like terms in descending order by degree and alphabetically)

= P ‘FJV «— (Simplify by adding/subtracting like terms. if the coefficient is 1,
we don’t write the 1)
Try it : (3X° - 5y) + (dy - 2x) + (-3 + 4x) 2x2 +2x -y

= It -5y FLy —ex x4 Yx
= é Kotk =Y g+ 74

e i
won,

y 4

To subtract polynomial expressions in brackets: you add the opposite.

Example: (4 - 2m - 4) - (-3n7 - 2m + 5)

When there is a subtraction or negative sign in front of a bracket, in the next step we don't

write the negative, we remove the bracket, and we change all the terms that were in the
bracket to their opposite sign. The rest of the steps are the same as addition (see above).

(4n7 - 2m - 4) - (-3n7 - 2m + 5)

— 2 ) < We don't change any of the terms in the first bracket
é//""* - 2 o ‘f +3n b Yz ~ A\ because it had nothing or a positive in front of the
L N — e bracket We change all the terms in the second bracket
- ([j—\m—.;w] N~ wz o ¥ l ﬁ“-\ -~ - Yy fo their opposite signs (and don'’t write the subtraction
7 “ ™ Sign that was before the bracket).
= ~" -9
= r.‘\ '''' o R
Try it
V(-2 + 7)- (3P +x - B) B - x4 12

T
—tx b+ -3t



OPERATIONS ON POLYNOMIALS - Review, p. 2
Multiplication: to multiply polynomials, you apply distribution and the exponent laws.

—To begin, you multiply the term outside the bracket by each term inside the brackets, \
separately. g ,Lw
+ ra

) A Lt
Example: 2x(x2 + 5x) = L t /O)L el
—»D/'sg'/'b)fe (ﬁ ) ( éq [ 5. )()t {)(

e term ou‘r5|de the bracket (2x) by multiplying it by The terms
inside the bracket separately. To multiply the terms, first multiply the coefficients. Next,
remember the product law. When multiplying variables, remember exponent laws. For the
variables of the same base (same letter), keep the base and add the exponents.

14 =
/(/y;)?xample: —?(?\45) ==Lk +1o

4
Example: 2x(v + 5x%) = YT+ [ox

Division: to divide polynomials, you divide the coef 'cren‘rs and apply fhe  exponent laws.
o

O/b (2)(x" 3)( ) \

Vst

—Begin with dividing the coefficients.

—Divide each variable separately. Remember the guotient law. When dividing the
same base (fgﬂe Ief#eP}J&ep the base and subtract the exponents. @ the exponentis,,

@e we don't write '1,),, yﬂ_pw,,M.“,u.m..m‘?\\
6x3viz 1
Try it Simplify: 6x)fz = 12x7 o 2220 < % X & \\
12xy% Y
| 3" Pl —
P iy R SN
A -t
‘XY 2D
2 s;;\, R

12



3.3 Exploring prime factorization and GCF with variables (p. 150)

Quick review: Find the prime factorizationof: 20 = 2 x 2 »# (
/N
T u
'}AL-
Question: How could you apply what you know about prime factorization to the term:

20¢ = C&\(Z‘)(f)( Y ()

Quick review: Find the greatest common factor of 20 and 36. (Think of factors of 20 and 36..
the numbers that divide into 20 and 36. The GCF is the LARGEST factor COMMON to both. If

you're not sure, you can do a factor tree.)
20 N, 2,4 ys 413 1o 36 |2, Z@ V12, 185 GCF:__i
N o n ~
A5 ocf " h
(9?9 2r2=H 32 (0
Question: Find the greatest common factor of the two terms. GC if = C/ 7(

~2S 0x° and 36x ~
rZ WZ‘I'& FZ‘{ — UZ Ny -7 64)

Factoring Binomials - Greatest Common Factor

When a binomial is written as the product of its factors, the binomial has been factored. (To
factor a polynomial, we write it as a product of its factors.) You can factor a polynomial using

the greatest common factor method.

Example: Write each term of the binomial 4¢? + 6c as a product of its factors, then

circle the common factors. \ ~
47 :( \zgi?'( E and 6¢c = él'](vg . 6CF = ZQ
Aor

Write each term as a product of the GCF and another monomial. (Divide the term by the GCF.)
Therefore, 4¢? + 6¢ = ¢ (ZC) +ecC (})

Now write in factored form using distributive property to write the sum as a product. - -

2 - ) o
4¢c2+ b6c = ZC (ZC g ) ‘%2; q 2 {@ )\2:5/
~ g,cc = 7 2% 2205s(y

2> C
(We multiply 2¢ by what to get 4¢2 2 Similarly, 2¢ times what equals 6¢? In other words, divide
4c? by 2c and 6¢ by 2c, remembering the quotient law where we keep the base and subtract the

exponents of the same variables.)

Try it: Factor: 15#° + 6n 125*’ +3s .
G F lf" 3A GCF 3‘ h/p-lq S ¥ 23'\

';f'*



Factoring and expanding are inverse processes. After you have factored, always quickly expand

(on paper or in your head) again to check that you factored correctly.

Check by expanding:
2c (2c+3) 3n (5n+2) 3s(4s + 1)
:L/C‘Z{.éc v = ’{,\L‘(_G”\ -’ = [é) ‘ fjj -

Therefore, to verify that the solution to factoring is correct, you can use distributive

multiplication.
In Arithmetic In Algebra
Multiply factors to form a product Expand an expression to form a product
(4)X7)= 28 3(2-5a)=6-15a
Factor a number by writing it as a Factor a polynomial by writing it as a product
product of its factors of its factors
28 = (4)(7) 6-15a=3 (2 - 5a)

Try these: Factor completely. Check the factored form by expanding.

GCF ( + )
/ V\

GCF times first term in
bracket equals first term of
expression you're factoring

GCF times second term in
bracket equals second term of
expression you're factoring

a) 16x%-12x

YK (ex-37)
chatks by =

b) 49¢ - 14e c) 16h - 64K d) 12x* + 16X%.
7¢(7e-1) k(-4 ) Jxtzre4)
Joet-lyer b hE4 g tetont

14



o ‘
Commei .t when leading coefficient is negative 7 LI ':.E’ ~lfr A
| bt ~7 L sqveved N e bit g

Recall ' rence between (-3F and -3°. Write each as repeated multiplication.

(,7)_(..3)5 -(GXz)
N = -9

- »l'es to factoring binomials with negative numbers.

o the polynomial is negative, we factor out the negative,

If the

ER

R

acter the binomial - 1672 - 24+

-24,« _’.2,2(«1'f‘6

OOfﬁf’ 42 14 )”d| -241 /-1) /2)/2};/2}3 IDrhe 6cris — & é’

' 12 note that the negative is -] ana’ needs to be included in the GCF.
o the largest degree of a polynomial is a negative, factor it out I

A /_F{ (;L-(— ~—?>

" ornen ff you did not include the negaﬁve, and the 6CF was 812
£t (—24 ~34) it

n'} ) -

© ¢ binomial: - 122 + 8n

i, -1 is not a common factor, however, because the largest degree is a
yer o'l need to factor out the negative, and include it in the GCF.

reen = —ln (3n-2)

o 150t the leading (first) term in the brackets is positive.

b sution:

— (1~ l*?"

/¥ you did not include fhe negative, and the 6CF was 4/79

4, e bo raelee &
M 41[ ‘ﬂa’l r\?ﬁ& ﬁiﬁ*‘f‘ -

Homer

e



You ce

TWrite

v nractors of Trinomials in the form ax? + bx + ¢ (p. 153)

onial or any polynomial by using the greatest common factor method.

t-r the trinomial: 562 - 10c + 5

& - 10¢ . *5 )
S)C - - 10c - 2{/{)6 TheéCF/'s_g

i trinomial by the greatest common factor:
7_,?_11054_5)?-,5: Q,‘L ""Z & f’w/
Sct _ /s + %

Yy y N

' ~ialin factored form, which is the greatest common factor
it s cuotient:

< ( C,—Z —cC \"/)

4 ﬂf the largest common factor of the coefficients. _Then think of the

. . . P ’ "'«-.\
) ~riakle that is common to all terms; " . r ‘
M
ac! L AME Trmomml Then expid o check. %;;}\12112 +6n nip /!
Knhet 0/ AP ——

é/\(gn +(n _,,)
_/f/x —12maY 6o

factored form, which is the greatest common factor multiplied by the quotient.t

coc{!icient is a negative, factor out the negative . —|

rz /7156
1’\9"“"“"'( (0#: b o least 4, X




+of Polynomials in More than One Variable (p. 154)

3. Co; C
Find 7 “ otz terms. Think of the largest common factor of the coefficients. Write
the cc. o as. oative number as the leading coefficient is negative and you need to factor
out tt - . i think of the largest degree of the variable that is common to all terms.
Nex!, f sol: «bin factored form, which is the GCF multiplied by the quotient. (The quotient is
the - by, - I} tach term in the bracket, when multiplied by the GCF, gives the original term.
To i Ve o bracket think, ¢ ” times what equals the original term?
GCF
Exar +oominl then expand to check. -12x°y - 20xy7 - 16XFy°

7‘ /\ 7 /Il"'v%(»

3Py ¢ Mo
=Y Pnte — (/,w,.«(. L5 |
/H-:'ydf'é 0 'ywe- Fi:fd,'pqx'f'" - Ll (//\rm M WW%—

0 bac - !2%73 —2ory & A6 RTS8

T ' womial then expand to check. -20b%c - 30b°¢% - 25bc

cbe (434652 c ¢ v

* Y CTubl et -2y A
dk = —goblc —IvkTe

HC' L



3.5 Multiplying Two Polynomials: The Distributive Property and FOIL (p. 161)

-When we have a term multiplied by a polynomial, we mul’rlply that term by each of the terms in
the polynomial. @r‘ubuhon) 2 A
AY 41 ox %- 20 K

Example: 2x(x + 5x° - 10xX°) =

1. When multiplying a binomial by a binomial, we multiply each term of the first binomial by

each term of the second binomial.
Example: (x .2 ) g X + 4) . Xl + Yx + ¥ +§

L ,
= X"+ 62 + i (simplify by combining like terms)

. gyt
(x+ @( X +@ x? +@ 8) «iNotice that 8isthe PRODUCT of 4 and 2
Uit '

and 6 isthe SUM of 4 and 2.

An acronym that can be used to help you remember an order of distribution when multiplying a
binomial by a binomial is FOIL, which stands for: First Outside Inside Last

Example: (4x-1) (x + 3) F fvlultiply the first term in each binomfal (C/a( )(3( } F.
3 L =x=3
%( t I Z S X © Multiply the two outside terms in each binomial Y V)‘)[J) o
- (/7( T 4 i Y -1 I"Multiply the two inside terms in each binomial [ /)[;c) r
- L -Multiply the last term in each binomial (_ ,)('7) b
Iren-simplify bysombining like terms.
Example: We call these perfect square trinomials.
o (They are trinomials (3 terms), and the
simplify (x + 57 first and last terms are perfect squares Simplify (X 5)2

:C)U*T) (K’fr) (hence “perfect square trinomial”). {)( ‘"T) X
< LF SxF T, fZ( Thestheproduct :

1o Hf (multiplied by 2) of the first and last
g

— A terms in the factored bhinamial. The
middle term will b§ added if xhe
factored form has a ptus;or subtracted

if the factored form has a subtraction.

£y W 1,, ™| You can memorize this pattern to make
Id FN R’}\ o b | it quicker to multiply.
,; ;‘ o ~ [ '
//?\Mm_vw;w'"d v }
Example: (x+5)(x-5) e We call this a difference of squares. (Itisa

T _ S )Q \"' A j binomial — 2 terms. The first and last terms
- )< i are perfect squares. The terms are
subfracted — hence “difference” of squares.)

18



Multiply the following polynomials.

Q) “{'2“};75)(5(121)2; b) (-——3-772712)(877:3112)
/ | u i »é”
20U 57N /)
&*\\6{ //} [ %«)ﬁj (M o
\\.\N_Jﬂ_ " y \;
c) Sa(a+7) d) (-28+8) (7-3g)
gm’wﬁiﬁ\ Vjté;lvﬂg ;j
Q\»m,w,.fw«w"’““”""" sl g b %; ”: ] f 5. f f {:3

(,in ‘}" SN W o
U(AA’ {dﬁf& s” o &,&4&&{#

e 3G+ 39 +le n o a5 = 47255
=gz eyt Y = 24t ~/oa =[2a F25
<yt 1ty 4n 2 (24 - 20ar2y

ooan

Find the value when m = -2 and n = 4

oV
V/URM' Jroe
N;MMe ""*“"*'(

m? + n(m—n) | :

(-0 ry(-2 " -4) N /za#a n |

=4 o+ (-6 ) —~ (24)"‘ t ?{?féh } of-sd
T— 'V{ ""7/‘( 20 m.({/;t —20< eV

Solve the foll owmg equation.

=y 4/
CIRoe
gﬁ\( (X +Q A = X ‘/"“{
—~4> Zp *T i i
)L - 7t ""5’ _l. A q(-2) € -
- ) - é o /;»“‘ﬁ \ _*t 7( o
e -f (’j « = ?r 19
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2. Factoring Trinomials of the Form ax? + bx + ¢ (a = 1) - PRODUCT/SUM method (p. 163)
Recall: 'Z:\'Ll Z 72¢ Y

(x+2)(x+4)=x f@n-‘ < Notice that 8 is the PRODUCT of 4 and 2
and 6 isthe SUM of 4 and 2.

Since expanding (distributing) and factoring are inverse processes,

factoring the trinomial, x2 + 6x + 8, should result in, (x + 2) (x + 4).
’rw(,g‘)um‘;" = '
When the leading coefficient (a) is equal to 1, always use the product sum method. This method

finds two factors whose product is equal to ¢, and whose sum is equal to b.

Example: Factor the trinomial: x2 + 10x + 24

(The first step in factoring is always to see if there is a greatest common factor (6CF) (and if so,
to factor using GCF method. However, when the leading coefficient (a) is equal to 1,

there i§ NO greatest common factor.) ~<
List the pairs of factors of 24: )y LY l 12 82 1 ) 3 )L/ Q

Think: Which of these pairs of numbers could possibly add or subtract to equal 10?

( You are looking for factors whose product equals +24, and whose sum equals +10.)

Factors of 24 Sum of the Factors
[xTY 23

2x L &

I ! ‘*i

Yx b |0

Because factoring and expanding are inverse processes, factoring a trinomial will result in
binomial multiplication, or (x + integer) (x + integer). Therefore, write the factors as the
integers in each of the binomials:

(x+4)(x+6)
Example: Factor 'rhe trinomials and verlfy using distribution (FOLL) ., -
QN.U'— U YRS TS AN PES £ S - 1'5"\ ‘r LA V2R 2 1 MA IRTEP
a) Z?-12z+ 35. K 3) B) az+7a-18. C)n? - 2n-8. 5
\r BN (- J(nr? D

(\L' 57(*'?) & e @H)" D (VT

Te U q-1° \V : ‘L
~ h‘l‘ Ry D (k)= e



greater factor js hegative,
2. Whenc is Positive, the ¢

Factoring Trinomials in A

scending Order
As the first step when factori .

Verify your answep: O\?’ + 3a — 8’5\ "ZV

- -5~ -1y

5_0\}2(,{ x4 Fa {
Example: Factor the trinomial 16 - 6x - x2 VLR +) b
| Ca-$"(ary)
WY F - PA 1
%X b /|
b~ (g ape

Verify yoyr answer:

HOMEWORK:

-_—



4.Factoring Trinomials with a Common Factor and Binomial Factors (p. 165)
Example: Factor the trinomial: -m? + 18m - 80

When factoring a trinomial in the form ax? + bx + ¢, where the coefficient (a)is NOT equal to 1,
the first step is always to see if there is a greatest common factor (6CF), and if so to factor
using the GCF method.  (In this case, factor out -1 to make leading coefficient equal to 1.)

= (w\L — . +F0 )

= —(m = (r-12)

Example: Factor the trinomial: - 4# - 16+ + 128

Find the greatest common factor first. If doing that changes the leading factor to 1, then factor the polynomial

using sum and product method. = - L,{ (.é z = (.{-éw - 72
S - U(E+PICE-Y)

Since factoring and expanding are inverse processes, check that the factors are correct by
distributing them. Remember to multiply by -4 at the very end.

gy (£ v 9t -T2)

& & g ji 4
Vi o f Lo o S B W
o w”{ A R S s P

Example: Factor the trinomial: 10x% + 80x + 120

Io (x*+ £ 412)
Jo( X+6)(x+2)

(feck~ (ol ¢2x fhp s 1)
| 2ol el L tie}

B s A Y YA Y

Homework:

22
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3.6 Factoring Tr'momials ax? + bx + f (a #1) }S‘} o _
arthue L |

Expand and simplify the fa//ou}}ng (y 4) (X+2 and (3d + 4) (4d + 2)
y L+ 2_,>< ~Yx + ¢ 12 - e d #16d £

Lo 2k a2t rezd v d
Vg adif b=l ) Nl b £ )
When The leading coefficient-(d)is “not equal to 1, factoring fakes a little bit more work. Here

are a couple of methods to try:

o Trial and error Method (reverse foil) Factor axz + bx + c where a = 1. (p.172)

(Nail down your first and last terms and try different combinations to get your outer
and inner terms to equal your middle term.)
WRITE LIGHTLY in PENCIL. HAVE ERASER HANDY! Or do on SCRAP PAPER.

REMEMBER: ALWAYS check for common factor FIRST!

Step 1: Place the factors of ax? in the first positions of the 2 sets of parentheses that represent the
factors.

Step 2: Place 2 possible factors of c into the second positions of the parentheses (can leave out signs
for a moment).

Step 3: Find the outer and inner products of the 2 sets of parentheses (O and | of FOIL)

Step 4: Keep trying different factors until the inner and outer products add or subtract to the middle
term (bx). Use a system to make sure you've tried all options (systematically)!

Step 5: Decide on the signs of the second position terms so that they add/subtract to the middle term.

Examples: factor M %
1. 6x% - 19x + 15 2. 15x2+1

(2%’5\){)’,@&“{){ y/) F (8 +) (ﬂ(*%)

o’v"’“ O — A
| | \} \ : h
VAL . ol
ViR ( VH‘E‘”" - ?/,D(/K ¢ - =
V — N ¥
i’;{im \x _ /'ﬁ)( _?K.%“fi I/'f ‘G"L
/ L //9ﬁ



* BoxMethod of factoring Trinomial (a # 1) (p. 173)
For this method, initially we just write the number factors (not the variables)

Example: 4x2+ 20x + 9

Again, first we make sure there isn’t a common factor that we could factor out.%ﬁ;ﬂ'

Think of factors of the first term and the last term. Write the factors vertically.

Now look at the products of the top and bottom numbers (diagonally). Add/subtract the products. Your goal is
that the products will add or subtract to make the middle coefficient. (In this case to equal 20.)

You may end up trying all the combinations of the two sets of factors.. but you can stop if you find the pair that

4W(1rk. 3 4 9 2 3
12’>§3 1><1 2><3
1t 3 Y9 ¢ 6

As always, you can check your answer by multiplying (FOIL)."

2. 9
J J 2Rl = 20

x_+ 9 Xex 4 1)

= Uyl pem +1Fx +4

T Yl v lowx + g

Example: factor the trinomials and verify your answers. Remember the first step is to factor out

the GCF, if possible.
w
3s?-13s- 10

6x%-21x+9

(3f '+)) @ 2{{)’ _— 2(27(
5 ¥

ZXY st \IJ’I </ [/ (ZL

....
e

}’ >’
Vg{f.z :;*-“BS

A

Homework: ﬁ:} 'ﬂ‘l W@&f&*@%
(lll"/ I~ DAt ,amc«fm)

P70 12, 13acts e

¥ 4*3)

D& -3)

sz

K0S

Claik ~

F(s X abi=A 0
2 2x b <P )
bir <2l 4

//QA> N AC

FlEat
Gk prcor



3.7 Using the Distributive Propem‘y to Multiply Polynomials p. 183

Consider the exam

ple: (2h + 5) (h? + 3p
Set of by g term

S in the second s

RS
.-

g

* Expand ang simplify: (2%?%
Zl\s‘l__ékb_g/q -\3{‘\14,)7/\ :_Z;Ma
2R3 L2 L9y -0

d3
s

Distribyte each term of

the first bracket
by each term of the sec

ond bracket

Combine like terms op simplify

Examples: (3b+4) (b%-2p - 7)

(-3f2+ 3F - 2) (4f2 ¢ _ 6) ,
Sb2 =6yt <3, FML £l <op ‘J{,_Z_fvi—\?077‘ffﬁ?’aﬂj'”iw-fﬁ,}@
s e, RIS ST TF I
| 2.’Mulf}plying Polynomials in Mo

re than Ope Vari

able (p. 184)

. [ I/;‘
Wegws ™ ) phe
Example: (x - Y) (x? + 3xy) '

3 ' 3 J 2 / ri
XAy =Ry = 7xy
O | ‘
= X +2v.2y V3x.yl
Examples: Expand anqg simplify: ?M i‘:\f:;‘,qdﬂ
a) (4k - 3m) (4k + 3m)

b) (4k—3m)2
, W
L{!C L [Tt LrmeGm

r\LH’\“ 3 rifi"’}")) qu)l¥,- ﬂ“ﬂlqu)rg Y
QLt -4

3 TOrAT,
) (4k + 3mye N

™ - L, 1 ,_t {'ei‘w\ :
")?CL»IL”‘K Hllnl F 9 *L&:}i__;_,)_, ;
PO P T /
a2 Vot RN
| -\




/

| 3. Simplifying Sums and Differences (p. 185)
/-

? Consider the example: (2¢ - 3)(c+5)+3(c-3)(-3¢+ 1). The problem ha
operations, therefore, you must apply BEDMAS to solve, ¥ v}

= QAeteloc =2 v 1 3(-3T+0 e ~7)-

S Qel i) s ¢ 3( =3 tilee T8
= 2¢r vPe=y _g¢t $30c —f

t

rdded order of

4 dd

1},-
- '

',Examples: Expand and simplify:
(6 a)(3x+y-1)(2x- 4)-(3x + 2y)? b) (4m+ 1) (3m - 2)+2(2m-1)(-3m + 4)
i ' |
Lk nrtny 4y -2 (9 4123y k)
/) Ly v o) —
> (x +2'&7 I A = Art sty - Yy

- “3%1'—'0@ AV -»it{j + Y.
b) 12l —Pad2m~2 ¥ 2(-L~"4 Fow b TP ~Y)

Vo A= k3 (=batt [ ~=t)
= \&~" D o
“;1 a b o Ll =




Consider the example: (3x + 4D (x-5)(2x + 8). To solve this problem, you need to multiply the
first two binomials, and then

simplify. Next apply the distributive Property to the product of
the first two binomials and the third binomial.

Example: (3x + 4)(x-5)(2x + 8)
- (?x ok vt <2 ) (1 f“ff)
:(jf\ L% ,.,Z,o)(‘z,;(%'d"’)

I RS TE
Tlr A 2x L -lteX s

Distribute each term of the first
binomial by eqch term of. the

second binomial, FO / [

Distribute each term of the third
binomial by eqach ferm of the
product of the first two binomials,

-

()a |- I’f,’//:, 75, 84‘5’(; 74, /‘0":‘-,//
* 12 CYotons = o o7 b e XAeg 4y
HOMEWORK:

r e 3% 1Y /50,
(ﬁ( ZD(._ Zfﬂi{(‘

Chadlny. 24 ¢
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Factoring Special Polynomials

1. Factoring a Perfect Square Trinomial ( p. 190) (see also p. 17 of notes)

Reminder: When factoring a trinomial in the form: ax? + bx + ¢, where the coefficient (a) is NOT
equal to 1, the first step is always to find the greatest common factor.

Example: Factor the trinomials: 4x? + 12x + 9 8x? + 40x + 50

#16eF g(vx. r oy rev)

)( Yo pfer Fr

QN/ ‘Lﬁ'] v 2° +5 "= %x
We call these perfect square frmomnals & ( 2y, + {')
(They are 'rr'mdmlals (3 terms), and the first and last 'rerms are perfect squares (hence "perfect

square trinomial”). The middle term is the product of the square roots of the first and last
terms, multiplied by 2. The middle term can be added or subtracted. )

- (2“’3)1’

NOW when factoring:

1. Check for GCF (and factor out if possible)
2. Check to see if trinomial is a perfect square trinomial.
3. If not perfect square trinomial, carry on factoring as per usual.

Try these:

a) 4a?-20a+25 b)4-20x+25x? c)4x2+12x+9

(9&-—(? g: :O“W <9>< ?3

Question: Why can you only use the shortcut when either all three terms are positive, or when
ONLY the second term is negative? Why does the shortcut not work when either the first or
third term is a negative??? fu.. } i ),. L 3 ,é WM,\E v a &4 Fel Feel

JfH=




3.8 2. Factoring Trinomials in Two Variables (p. 191)

When factoring a trinomial with two variables,

you follow much the same process you would if you
were factoring a trinomial with one variable,

Example: Factor the trinomial: 15m? + 7mn - 4n?
Always try to find the greatest common factor and write the sum as a product.
There is no 6CF for 15m? + 7mn - 4n?
***Check the leading coefficient to decide which method to use in factoring***

Since the leading coefficient is not equal to 1, one of the methods p. 22 or 23.

Dl w) g,

Add in all the variables at the end, once you have figured out the number values of the terms.

Verify your answer: . N
S d(Lmn =S 0
Va S
2
j{”,,wl tTIm~~ 4o

Example: Factor the trinomial: x? - 3xy + 2y?
(Is there a 6CF?) (Y\ ~j)<k~ 2_y>
***Check the leading coefficient to decide which method to use in factoring***
Since the leading coefficient is equal to 1, use product sum.

Think of the pairs of factors of 2, that add upto-3 —7 - /

ohek *7’ -uj-@ v iy’ L
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Add in the variables at the end.

4. Factoring a Difference of Squares (p. 193) (and notes p. 17)

Expand the following, and collect like terms:

Q) (x +3) (xm3) b (x - 3) (x - 3)
)(L’r,?f 7% L2 —px g
vt = X & —bet iy

We call (a) a difference of squares. (It is a binomial - 2 terms. The first and last terms are
perfect squares. The terms are subtracted - hence "difference” of squares.)

NOW when factoring:

1. Factor out the 6CF if there is one.

2. If it's a binomial - is it a difference of squares?
3. Ifit's trinomial - is it a perfect square trinomial?
4. If not 2 or 3.. carrying on factoring as per usual.

Example: Factor:: y? - 36 2x% -2

p @*6)@%) sa(x ™D )

-2 (£=1) ( f&"‘//

—  100r?- 4952 3m? - 27n?

Qo,r—?f}{/brr 75) = 3( mh - 9"- L)
= '](m-'77)(/“~‘f”?"}



Sometimes, factoring differences of squares could occuyr more than once in each question,

Example: Factor x# - 16

NOTE: The second polynomial after initia/ factoring could also be factored using
difference of Squares. ’

LD )
- xn) (F +1)

Example: 5x* - 8o

= (=) +4)
= (2 ) vr) (;i"#‘"/)

Example: 162v* - 2%

= 2ptvi-w" ,,
=292 —N‘)(?vl"“{“
= 2(2v 1)y » o (97

[\

e s
B e am'mﬂﬁ;-mhw’hw

)fONCE YOU HAVE FACTORED. ALWAY§WQ:I*§__€K TO SEE IF IT CAN BE FACTORED FURTHER.

R AR A3

e n e e rmta s oy,

HOMEWORK:




Factoring Flow Chart

Quadratics: ax” +bx+c¢

Start:

Can you factor out a -
common term
(Type I)?

no

Is it a difference of squares? (a° —57)

no
Type IL: ’
Factor to

ne (a+bYa—-b).

Can you
factor what is
left?

Is the coefficient on
the x* term (a) one?

[ g

)

yves no
Y 2\
Type V:
" Type III: Find Factor by:
mﬁ]}:cm 0? :: a) Guess and check
that add or or
subtract fo b. b) Box method
Fill in the blank: of
52101:;; e ¢) Other method!
(x__Mx_ )

\ )
Venfy and
DONE

32



Factoring- All Types!!! Date
€ 2012 Kuta Software LLC. All rights reserved.
Factor. Hint: take out the GCF

1) 5x° — 30x° x 2) —18+ — 9y

sx*(y* -4 ) g2V 1)

3) 32x¢% - 24wy 1) 90a° +274°6° -

Sry(vxy’- 3) Ga7(047r 3143)

5) 202°p° + 4a’b* 6) 2x° +12x— 10

40\5’#‘4(,50\%1!) g;g\z%é}( "5)

7) 4ba* — 185° - 8b 8) 31:{3'5 - 423«'33‘ + 49xy

Q‘b@a%mqpl_q) 7xy(27V~6x+$) -

Factor. Hint: Starts with 1 (easy problems!)

9) a —5a—6 : 10) n° +n—12

@\“@(‘“’U @-3)(”‘1)

11) x° - 13x+36 12) ¥° = 7x+ 10

@-®(x~v) Qx)(w—l)

Factor. | ‘L
13) 107" — 117+ 1 14) 4k +8k-21
(lor =¥ - /> (gl - 2 )Gk~ ¥



“net (z;“)(g)/a) ’Z”;;‘;““@

15) 4p° ;?0p+9 cxtutne 16) 4m’ = 39m 10
(Zﬂ -*?}(?Pv!) \ [ﬁm-—/o)(é/mi—i)
ra’}' N Fech ffvat \
.,uwwu

Factor. Hint: take‘eut a commmon factor 1st!

17) 20x” + 82x + 80 18) 201" — 66n — 14

2Ulog ¥+ 4l + vo) Aont-33n~ 1)
Ca(sxy8) (e rv) 2 (an=(sn 1)
19) 40x° +44x - 24 20) 12p° - 26p - 16
YGox? +% =6) Uy~ 13-4/
4(sx -2 A+T) 203y -8 ep v,
Factor each completely. Hint: different of two squares

21) 4v° =25 ~ 22) 9b° -

QVA’)(Z‘/M) Cjé zY?M&)

23) x° ~16 ) | 24) 9x° -1

(- JCx vy (721 Yzr + D

Factor each completely. Hint: perfect squares '™ 'Ja

25) 9k — 12k + 4} 26) 25a° + 20a + 4
: -
@L-2) (Ba )

2y



Directions: Factor each expression below completely. Show ALL Work!

Y 196 — 42 ! 2ax — 5x Y 24ab + 18abc 5
Weq-y¥) | x(24-5). | peb(da +39)
Y(-9)+y)

11) 12) 13)

4x2 — 24x — 28 49m? — 100n2 20 + 9x +x2

(/(;(L - (Q,L*"}) (7,.\ -/On)(%#fm) X Ly Gy + 20

q(ﬁ‘7)()(+') Q( - r)[;uay}

14) 15) 16) -

-1 6x2 ~ 67 243 — 8x .

DD | -y | oty -5)

(0G| g (eploery)

17) 18) 19

5x2+ 20x +20 5x3 —10x2 — 15x x2—x—56

sx ! 1L 1) S+ l_.{,zx D | (x-8)¢+3)

S(x +2>(’i”) Sy (=)

)




